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It is a generally held belief that in acne vul-
garis increased quantities of sebum are produced
as compared with normal individuals. The few
published studies in this regard indicate that
there is an increase in sebum in acne (1—4) al-
though an exception has been recorded (5). How-
ever, a closer scrutiny of these reports reveals
that in no instance was sebum production ac-
tually measured. Either improper collection tech-
nics were employed for this purpose, or the
amount of sebum was not determined gravimet-
rieally. In view of this, we have undertaken an in-
vestigation of the relationship of sebaeeous gland
activity to acne in a study of males with acne
in whom quantitative gravimetrie determina-
tions of sebum production were performed and
compared to normal control subjects. In addi-
tion, the sebum of these individuals was.
examined for a possible qualitative abnormality
by the measurement of the free titratable
acidity in the sebum. Finally, the urinary ex-
cretion of individual 17-ketosteroids was studied
to observe whether their excretion was abnor-
mal in these patients with acne and whether
there was any correlation between sebum pro-
duction and the output of any particular
17-ketosteroid.
MATERIALS AND METHODS
A total of fifty-two Caucasian male college
students, age 17—21, were studied. Eighteen sub-jects had no evidence of acne on physical examina-
tion and denied having had acne in the past. The
remaining thirty-four individuals had acne, the
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degree of involvement being minimal in fourteen
subjects, moderate in twelve and severe in eight
subjects.
The following investigative procedures were per-
formed:
a. Be bum production. Quantitative gravimetrie
measurements of sebum production were carried
out employing the method previously described
by us (6). Three or four individual tests from the
forehead were done in each subject and the average
value for sebum production calculated for each
individual.
b. Casuol sebum levels. Measurement of casual
sebum levels were performed in 51 of the 52 sub-
jects. The method used was similar to that of Prose
et ol (3) in which glass cups with an internal
diameter of 10 square centimeters were placed on
either side of the forehead and the surface sebum
extracted with ether. The ether was evaporated
and the sebum residue weighed. Each subject had
two to four separate bilateral tests performed, and
a single mean figure was calculated for each in-
dividual.
e. Titratable acidity of sebum. Surface lipid was
obtained from the forehead in fifty-one subjects
and its concentration of free acidity determined by
a micropotentiometrie titration technic (7). With
this method free acidity can be detected in highly
dilute solutions. The collection procedure was
similar to that described above for sebum casual
levels. The lipid material in an ether-ethyl alcohol
solvent was titrated with a .O1N alcoholic potas-
sium hydroxide solution. The titration procedure,
per se, consisted of the stepwise addition of base
in increments as small as .005 ml. Two to four
bilateral tests were carried out, and an average of
all values determined.
d. Fractional urinary 17-ketosteroids. Twenty-
four hour urine specimens were collected from
twelve subjects in the study. Six were subjects with
moderate or severe acne, selected for their high
sebum production output. The six remaining sub-jects were normal controls with low scbum pro-
duction values. The adequacy of the collection
was checked by ereatinine coefficient determina-
tions. Hydrolysis was accomplished ensymatically
with glucuronidases and sulfatases (Glusulase®),
followed by partitioning of the neutral 17-keto-
steroids with descending paper chromatography
(8) in a ligroin/propylene glycol system (9). Five
individual 17-ketosteroids were measured, namely
dehydroepiandrosterone, androsterone, etioeholano-
lone, li-bydroxyandrosterone, and 1 1-ketoetio-
cholanolonc.
383
384 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE I
Sebum production values (mg lipid/JO sq cm/3 hrs) in males, age 17—21
Normal Controls
Acne
Minimal Moderate Severe
2.81
2.50
2.28
2.21
2.19
1.72
1.70
1.66
1.57
1.57
1.57
1.55
1.40
1.34
1.32
1.20
0.95
0.89
3.22
3.20
2.98
2.86
2.69
2.54
2.24
2.15
1.76
1.72
1.66
1.55
1.53
1.47
4.82
4.21
3.45
3.37
3.14
2.96
2.75
2.62
2.48
2.34
2.17
1.68
4.42
4.34
3.93
3.24
3.12
2.98
2.50
1.68
Mean & S.D. 1.69 .52 2.26 .65 3.00 .88 3.28 .91
2.76± .90
RESULTS
a) Sebum production.
The data for sebum production appear in
Table I.* The results show a highly significant
difference in mean sebum production between
the group of patients with acne, 2.75 mg of
lipid/b sq cm/3 hrs, and the group without
acne, 1.69 mg of lipid/lU sq cm/3 hrs (p <
.001). Furthermore, a significant difference was
noted in sebum output between the cases of
acne with minimal involvement as compared to
those subjects without acne (p < .01). Distinct
differences were also observed in sebum produc-
tion within the acne group itself, these being
directly related to the degree of involvement of
acne—i.e. the worse the acne the higher the
sebum levels. For example, a significant differ-
ence could be demonstrated between the group
with minimal acne and the combined groups of
moderate and severe acne (p < .01). It is
* In Tables I, II and III, the values in the in-
dividual columns are listed in decreasing order of
magnitude. The figures so arranged do not neces-
sarily correspond to the same subject from table to
table.
important, however, to realize that it is not
possible to characterize any single individual as
having acne or not by his level of sebum pro-
duction. For instance, there were several acne
patients whose values were within two standard
deviations from the mean of the normal control
group. Conversely, a few normal subjects with
relatively high sebum secretion fell within the
sebum range of the acne group. Nonetheless
average sebum production in acne subjects as a
group is very much greater than in those with-
out acne.
b) Casual sebum levels.
The results of the quantitative analysis of
casual sebum levels are listed in Table II. While
the patients with acne showed a mean value
which was approximately 15 per cent higher
than the control group, this did not prove to be
statistically significant (p > .05). Within the
acne group, per se, there appeared to be higher
sebum values with increasing severity of the
disease, but the differences were of no statistical
significance (p > .05).
c) Titratable acidity of sebum.
Data for the determination of the concentra-
tion of free acidity in sebum are shown in
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TABLE II
Casual sebum levels (mg lipid/JO sq cm)
Normal Controls
Acne
Minimal Moderate Severe
2.37
2.14
2.06
1.99
1.95
1.43
1.42
1.33
1.32
1.31
1.22
1.22
0.99
0.97
0.95
0.92
0.91
0.67
1.98
1.92
1.86
1.72
1.61
1.59
1.54
1.49
1.46
1.31
1.29
1.22
0.83
0.64
2.39
2.18
2.11
2.01
2.00
1.52
1.40
1.38
1.27
1.09
0.94
3.43
2.27
2.02
1.86
1.68
1.51
1.14
1.13
Mean & S.D. 1.40 .50 1.46 .39 1.66 + .49 1.84 .78
1.62 .54
Table III. There was no significant difference in
the values either between the patients with
acne and the normal controls or within the
acne group itself.
d) Fractional urinary 17-ketosteroids.
Table IV lists the individual 17 ketosteroid
values for each of the six subjects in each
group. The mean quantitative 24-hour excre-
tion of each 17-ketosteroid as well as the aver-
age calculated total were essentially the same
in both groups. No correlation could be ob-
served within each group between sebum pro-
duction and the quantitative excretion of any
individual ketosteroid.
DISCUSSION
In this study of males with acne the quanti-
tative secretion of sebum was found to be very
much greater in acne than in normal controls.
Moreover, decisive differences were observable
among acne subjects themselves, the cases with
minimal involvement showing significantly less
sebaceous gland activity than those with more
severe acne. We have also observed that sebum
production in females with acne is much higher
than in normals (10), but to date fewer females
have been studied.
Human sebum is an intense inflammatory
agent when it is injected intradermally (11),
so that the finding of an increased production
of sebum in acne is of considerable importance.
In general, the more sebum that is generated
by the sebaceous glands the greater is the likeli-
hood that the follicular contents will escape
from the follicle into the dermis and thereby
incite inflammation. The cause of the increased
sebaceous gland activity in acne is unknown.
Whether it is due to excessive hormonal stimu-
lation or to other factors such as enhanced
genetic responsiveness has not been established.
Yet, it is frequently asserted that acne vulgaris
is a consequence of an endocrine disturbance,
but there is no reliable evidence to support this
contention.
In the past, consideration has been given to
the idea that the sebum of patients with acne
may be qualitatively abnormal and as a result
be of significance in the pathogenesis of the
disease. Particular emphasis has been directed
toward the fatty acids, since they constitute the
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Normal Cantrols
1.54
1.30
0.76
0.58
0.52
0.47
0.46
0.43
0.43
0.37
0.36
0.33
0.33
0.31
0.29
0.28
0.27
0.22
1.26
1.23
0.97
0.86
0.64
0.56
0.47
0.44
0.42
0.40
0.39
0.37
0.30
0.19
major portion of the sebum (12) and have
been demonstrated to be capable of inducing
inflammation when introduced into the skin
(11). The failure in this study to find any
differences whatsoever in the concentration of
free acidity of sebum indicates no gross differ-
ence in the amount of free fatty acids in fore-
head sebum of acne patients. In this connec-
tion, Boughton et al (13), studying surface
lipids obtained from the back of acne patients
and comparing them to normals, were unable
to demonstrate differences in the composition
of fatty acids although only the total fatty acid
content was determined. However, the methodol-
ogy employed by these workers did not permit
qualitative or quantitative identification of in-
dividual fatty acids below C-12. As a result the
possibility of a significant occurrence of short
chain, highly irritating fatty acids in sebum
remains an unsettled issue. Even if further
studies were to indicate that the composition of
surface sebum in patients with acne is no dif-
ferent from normal, the role of fatty acids in
the production of acne lesions would still be of
importance pathologically, since increased seba-
eeous gland activity would result in an increased
total quantity of these acids being delivered
into the sebaeeous follicle.
Prose and co-workers reported that casual
sebum levels, obtained from the forehead and
other sites from patients with acne, were sig-
nificantly higher than normal (3). In the pres-
ent study, however, we were unable to find such
striking differences in casual sebuni levels in the
fifty-one subjects tested, although reference to
Table II does reveal somewhat higher values in
patients with acne when compared to normal.
However, the differences were not significant
(p > .05), whereas the same subjects tested for
sebum production demonstrated highly signifi-
cant differences. Analysis of the correlation
between the values for sebum production and
for casual sebum levels revealed a correlation
coefficient of +.39. A positive correlation was
not unexpected, since a greater production of
sebum would be apt to result in more surface
lipid. However, the correlation was of a low
order. The failure to show a linear relationship
is undoubtedly due, at least in part, to the
nature of the casual sebum test itself. It meas-
TABLE III
Concentration of titratable acidity of forehead sebum (pEq of KOH/iny seburn)
Acne
Minimal Moderate Severe
1.36
0.81
0.77
0.60
0.58
0.57
0.55
0.44
0.29
0.28
0.22
1.07
0.60
0.58
0.41
0.40
0.38
0.38
0.32
Mean & S.D. 0.51 .33 0.61 .34 0.59 .32 0.52
0.58 .31
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ures the amount of lipid that is recoverable
from an unprotected site on the skin surface at
any one moment rather than the amount of
sebum produced by the glands. Considerable
variation in the amount of sebum so obtained
may be expected because of uncontrolled varia-
bles such as whether the area has been rubbed,
the state of hydration of the surface, etc. We
found nearly twice as much variation with
casual sebum levels as with production values
in individual subjects. Thus, while a rough
correlation is observable between the two, the
casual sebum level, on the basis of the results
of this study, should not be considered a relia-
ble index of the quantitative production of
sebum.
Interest in the relation between endocrine
secretions and acne vulgaris is evidenced by the
abundance of reports in the literature, too nu-
merous to cite, of the urinary total 17-ketoster-
oid excretion in acne. A review of most of these
reports has been published recently (14). In-
terest in this area has stemmed from the
assumption that a 17-ketosteroid determination
is a measure of androgen production. An in-
creased excretion of urinary 17-ketosteroids in
acne would indicate androgen over-production
and thus account, at least in part, for the
pathogenesis of the disease. Indeed, fully half
of the reported studies in the literature reveal
an increase in total 17-ketosteroid output in
acne patients. However, it is now evident that
the 17-ketosteroids are a rather poor index of
androgenicity in that they are principally me-
tabolites of adrenal cortical hormones which
possess little androgenic potency (15, 16). In
addition, it has been shown that the measure-
ment of total 17-ketosteroids, as is routinely
performed, is only a rough approximation of
the true 17-ketosteroid content because of the
presence of interfering chromogens which in
some instances may account for 80 per cent of
the value obtained (17). Separation and actual
identification of the 17-ketosteroids not only
overcomes this difficulty but also allows for the
quantitation of each individual 17-ketosteroid.
This latter point may be of particular impor-
tance in relation to acne, since some 17-keto-
steroids, although weakly androgenic, can be
shown experimentally to stimulate sebum secre-
tion in man (18). In 17-ketosteroid analysis,
the method of hydrolysis also deserves com-
TABLE IV
Fractional urinary 17-ketosteroid excretion (my/24
hrs), in mates, age 17—Pu. Comparison with
sebum production
,
Sebum E' j, bS 2j ,-.
Subject Output 3 c fiT gfio t8 —t(mg.)
.u.b .93 .u Pu4
— H
Acne
1
2
3
4
5
6
Mean
4.82
4.21
3.93
3.12
2.98
1.68
3.46
0.4
0.3
0.7
0.2
0.5
0.5
0.4
1.3
1.1
2.8
1.4
2.3
1.4
1.6
2.2
0.9
3.9
1.5
2.4
1.5
2.2
0.4
0.5
0.9
0.3
0.8
0.3
0.5
0.4
0.4
0.6
0.7
0.7
0.2
0.5
4.7
3.2
8.9
3.7
6.7
3.9
5.2
Normal Controls
7
8
9
10
11
12
Mean
1.55
1.40
1.32
1.20
0.95
0.89
1.22
0.1
0.3
0.5
0.6
0.1
0.2
0.3
1.3
1.4
2.9
2.4
0.8
1.3
1.7
1.3
1.3
4.0
1.9
0.9
1.2
1.8
0.5
0.8
0.7
0.5
0.2
0.5
0.5
0.7
1.1
1.3
0.6
0.2
0.9
0.8
3.9
4.9
9.4
6.0
2.2
4.1
5.1
ment, since the use of strong acid hydrolytic
procedures may result in steroid destruction
and considerable artifact formation (17, 19).
This is avoidable by the use of milder hydro-
lytic methods such as enzysnafie digestion. The
few studies in the literature on the chromato-
graphic separation of urinary 17-ketosteroids in
acne indicate the use of hot concentrated acids
for cleavage of conjugates. The reported results
are quite at variance, their showing a decrease
in androsterone and etioeholanolone (20), an
increase in 11-oxy-17-ketosteroids (21), and an
increase in dehydroepiandrosterone (22). In
our investigation, in which enzyme hydrolysis
was used, no quantitative abnormalities of
17-ketosteroid excretion were detectable in
males with acne.
SUMMARY
1. Thirty-four males with acne, age 17—21,
were studied and compared with eighteen
males of the same age without acne.
2. Quantitative measurements of sebum pro-
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duction revealed strikingly higher values in the
patients with acne than in the normal controls.
Moreover, within the acne group, a greater se-
cretion of sebum was observed in the acne pa-
tients with more severe involvement. All of the
differences were highly significant.
3. Determinations of casual sebum levels
demonstrated somewhat higher values in acne
than in normal individuals, although these dif-
ferences did not prove to be significant.
4. No difference was detectable in the titrat-
able acidity of sebum in acne versus normal.
5. Fractional urinary 17-ketosteroid excre-
tion in patients with acne did not differ signifi-
cantly from that in subjects without acne.
REFERENCES
1. SERRATI, B.: Influenza del sistema nervosa
sulla secrezione sebacea. Riv. Pat. Nerv.
Ment., 52: 377, 1938.
2. KILE, R. L., SNYDER, F. H. AND HARFELE, J.
W.: Nature of skin lipids in acne. Arch.
Derm. (Chicago), 61: 792, 1950.
3. Pitosa, P. H., BARR, R. L. AND HERRMANN, F.:
Studies of the ether-soluble substauces on
the human skin. II. Quantitative studies of
the ether-soluble substauces on the skin
surface of patients with acne vulgaris. J.
Invest. Derm., 19: 227, 1952.
4. VILELLA, H.: A new method for the quantita-
tive determination of sebum production and
its alteration in diverse dermatoses. Arch.
Fac. Med. Zaragosa, 9:21, 1961.
5. Pwowssci, A. AND PETRYKIEwICZ, R.: Sebum
secretion in normal women and in cases of
acne vulgaris during the course of the men-
strual cycle. Przcgl. Dorm., 50: 307, 1963.
6. STRAUsS, J. S. AND Pocrn, P. E.: The quantita-
tive gravimetric determination of scbum
production. J. Invest. Dorm., 36: 293, 1961.
7. SmAuss, J. S., Poem, P. E., MAsuccj, F. J.
AND MAITRRNY, E. J.: Titratable acidity of
sebum as determined by a micropoteati-
ometric technic. J. Invest. Derm., 42: 349,
1964.
8. BURTON, R. B., ZAFFARONI, A. AND KEnT-
MANN, E. H.: Paper chromatography of
steroids. II. Corticosteroids and related
compounds. J. Biol. Chem., 188: 763, 1951.
9. SAvARD, K.: Paper partition chromatography
of C19- and C29-ketosteroids. J. Biol. Chem.,
202: 457, 1953.
10. Authors' unpublished data.
11. STRAUSS, J. S. AND KLJGMAN, A. M.: The
pathologic dynamics of acne vulgaris. Arch.
Derm. (Chicago), 82: 779, 1960.
12. MACKENNA, H. M. B., WHEATLEY, V. R. AND
WOEMALL, A.: The composition of the skin
surface fat ('sebum') from the human fore-
arm. J. Invest. Dorm., 15: 33, 1950.
13. B0UGH'roN, B., MACKENNA, H. M. B., WHEAT-
LEY, V. H. AND WORMALL, A.: The fatty acid
composition of the surface skin fats ('se-
bum') in acne vulgaris and seborrheic der-
matitis. J. Invest. Dorm., 33: 57, 1959.
14. PERICARINEN, A. AND SONCIC, C. E.: Adreno-
cortical reserves in acne vulgaris. The uri-
nary excretion of 17-ketosteroids and total
17-hydroxycorticosteroids. Acta Derma-
tovener. (Stockholm), 42: 200, 1962.
15. VANDE WIRLE, H. L., MACDONALD, P. C.,
BOLTE, E. AND LIESERMAN, S.: Precursors of
the urinary 11-desoxy-17-ketosteroids: esti-
mation of the secretory rate of dehydroiso-
androsterone. J. Clin. Endoer., 22: 1207,
1962.
16. HORTON, R., ROSNER, J. M. AND F0R5uAM,P. H.: Urinary excretion pattern of in-jected H3-testosterone. Proc. Soc. Exp. Biol.
Med., 114: 400, 1963.
17. GOLDZIRRER, J. W. AND AxELEOD, L. R.: A
study of methods for the determination of
total, grouped and individual urinary 17-
ketosteroids. J. Clin. Endoer., 22: 1234, 1962.
18. Pocm, P. E., STRAUss, J. S. AND ME5CON, H.:
The role of adrenocortical steroids in the
control of human sebaceous gland activity.
J. Invest. Derm., 41: 391, 1963.
19. LIRBERMaN, S., MOND, B. AND SMYLE5, E.:
Hydrolysis of urinary ketosteroid conju-
gates. Recent Progr. Hormone Res., 9: 113,
1954.
20. DEvis, R.: Méthodes chimiquos et applica-
tions cliniques du fractionnemont chromato-
graphique des stdroides urinaires. Ann.
Endocr. (Paris), 12: 451, 1951.
21. KooIJ, H., DINOEMANSE, E., Hns IN 'T VELD,
L. C., VERBERK, A. M. J. A. AND HOFMAN,
W. J.: Hormone estimations in the urine of
patients with acne vulgaris. Dormatologica,
109: 175, 1954.
22. VAOUR, J., ANDRAC, M., CARRIGUES, J., LAL-
LEMAND, A., T4MIME-MORRANGE, A., MIL-
LER, C., FAvIER, C. AND BERTIIRT, J.: Bilan
clinique et hormonal dans l'acnd sdbaede
feminine. Ann. Endocr. (Paris), 16:585, 1955.
